Summary Expression of the apoptosis-promoting Fas gene is frequently reduced or lost during the development of colorectal carcinoma. However, loss of heterozygosity at the Fas locus or Fas gene rearrangements do not account for the loss of expression of Fas, raising the possibility that methylation of the Fas promoter may inhibit gene expression in colorectal carcinomas. We have examined the Fas promoter region CpG island for evidence of hypermethylation in colorectal tumours. Forty-seven specimens of colorectal adenoma and carcinoma, as well as six samples of normal colonic mucosa, were examined by Southern blotting for methylation at HpaII and CfoI sites in this region. No methylation was detected in any of the specimens, suggesting that hypermethylation is not primarily responsible for the loss of expression of the Fas gene during colorectal tumorigenesis.
There is increasing evidence that de novo methylation of promoter-associated CpG islands, contributes to the alteration of gene expression in cancer (reviewed by Baylin et al, 1998) . During the development of colon cancer, methylation of CpG islands has been reported in a number of genes including the calcitonin gene (Silverman et al, 1989) , the oestrogen receptor gene (Issa et al, 1994) , the mismatch repair gene hMLH1 (Kane et al, 1997) , the MyoD gene (Myf-3) (Iacopetta et al, 1997) and the APC gene (Hiltunen et al, 1997) . More recently, a progressive increase in methylation was also detected at some of these loci in normal colonic mucosa as a consequence of aging (Ahuja et al, 1998) . In the studies that examined gene expression, methylation of the CpG islands was associated with gene silencing.
In the colon, apoptosis contributes to the homeostasis of the epithelial layer of the mucosa, which has a rapid rate of cell turnover (Hall et al, 1994) . Apoptosis is also responsible for the removal of colonocytes with potentially oncogenic DNA damage.
Resistance of colonocytes to apoptosis may allow hyperproliferation, accumulation of oncogenic mutations and prevent killing of malignant cells by chemotherapeutic agents. Abnormal patterns of expression of a number of apoptosis-related genes have been reported in both benign and malignant colonic tumours (reviewed in Butler et al, 1999) ; however, molecular mediators of resistance to apoptosis remain to be identified.
The Fas antigen is a widely expressed cell surface receptor. Ligation of Fas by its endogenous ligand or by agonistic antibodies, triggers rapid apoptosis (Trauth et al, 1989; Yonehara et al, 1989) . The epithelial layer of the normal colonic mucosa expresses Fas protein at high levels from the bottom of the crypts to the luminal surface (Leithauser et al, 1993; Moller et al, 1994) . Expression of Fas in the colon is progressively reduced during the transformation of normal epithelium to benign neoplasms, adenocarcinomas and ultimately, to metastases (Leithauser et al, 1993; Moller et al, 1994) . Loss of Fas activity could be a contributing factor to the reduction in apoptotic capacity of colonic carcinomas. In a previous study (Butler et al, 1998) , we showed that the loss of expression of Fas protein was reflected in a loss of Fas mRNA in the majority of samples of colorectal carcinoma. However, allelic loss of the Fas gene was a relatively rare event, being detected in only 16% of carcinomas and reflecting the rate of loss of the entire chromosome arm, 10 q, in colorectal carcinoma (Vogelstein et al, 1989) . Similarly, gross gene rearrangements were not detected in any of the colorectal carcinomas, raising the possibility that epigenetic events, including DNA methylation, could be responsible for the loss of expression of Fas.
The human Fas gene contains a 650 bp GC-rich CpG island spanning the 5′ regulatory region and the first exon (Behrmann et al, 1994; Cheng et al, 1995; Rudert et al, 1995) , suggesting that transcription of the gene may be regulated by methylation of the CpG cytosine residues. The aim of this study was to determine the methylation status of the promoter and exon 1 of the Fas gene in DNA isolated from colorectal tumours with varying levels of expression of Fas mRNA.
MATERIALS AND METHODS

Patients and samples
Forty-seven specimens of primary colonic or rectal tumours, consisting of six adenomas and 41 carcinomas plus six samples of macroscopically normal colonic mucosa, were obtained with informed consent from 44 patients undergoing colonic resections. The Dukes grades of the carcinomas are shown in Table 1 .
Promoter region methylation does not account for the frequent loss of expression of the Fas gene in colorectal carcinoma
Construction of a Fas Probe
PCR primers 5Prom1 (5′-TCCTGTACCCAGGCAGGAC) and 3Prom2 (5′-ATCCCCGGGACTAAGACGG) were designed to amplify a 655 base pair (bp) region spanning part of the promoter and exon one of the human Fas gene (Figure 1 ). The probe was amplified from normal genomic DNA by an initial denaturation of 5 min at 94°C, followed by 35 cycles of denaturation for 1 min at 94°C, annealing for 1 min at 58°C and extension for 90 s at 72°C; with a final extension of 5 min at 72°C. The PCR product was cloned into the pGEM-T plasmid vector (Promega, Madison, WI, USA) and the identity of the product confirmed by DNA sequencing. To generate a probe for Southern blotting, the Fas gene insert was amplified from the Fas-pGEM plasmid using 5Prom1 and 3Prom2 primers, under the same amplification conditions.
Southern blotting using methylation-sensitive restriction enzymes
Ten micrograms of genomic DNA, isolated from colorectal tumours or normal mucosa, was digested with TaqI (New England Biolabs, Beverley, MA, USA), for 3 h or overnight at 65°C. DNA was ethanol-precipitated before re-digesting with HpaII, MspI (New England Biolabs) or CfoI (Boehringer Mannheim). Digests were electrophoresed through 1.8% or 1.5% agarose gels and blotted onto Genescreen Plus membranes (Dupont, Boston, MA, USA). Membranes were hybridized with the 32 P-labelled probe for 16 h at 42°C in 50% formamide, washed to a final stringency of 0.1 × SSC (standard saline citrate) and 0.1% sodium dodecyl sulphate (SDS) at 68°C and the hybridization signals detected by autoradiography.
RESULTS
The methylation status of the 5′ regulatory region and exon 1 of the Fas gene was initially examined by Southern blotting of DNA following digestion with the restriction enzymes MspI and HpaII. Both of these enzymes recognize the same DNA sequence (CCGG); however, HpaII will not cut the sequence if the internal cytosine residue is methylated. Six HpaII/MspI sites are present in the region spanning the three putative transcriptional start sites within the first exon of the Fas gene (Cheng et al, 1995) (Figure  1) . A second enzyme, CfoI, was also used to assess the methylation status of a further five CpG sites in this region (Figure 1) . CfoI cleaves the sequence GCGC, but is inactive if the central C is methylated. A Fas gene probe was generated by polymerase chain reaction (PCR) amplification and its identity confirmed by sequencing (Cheng et al, 1995) .
The DNA was initially digested with TaqI, which flanked five of the HpaII sites as well as four of the CfoI sites. The recognition sequence of TaqI (TCGA) contains a CpG dinucleotide; however, TaqI is not methylation-sensitive (Streeck, 1980) . Digestion of normal DNA (isolated from peripheral blood lymphocytes) with the flanking enzyme, TaqI, alone, produced a band of 1 kb when hybridized with the Fas probe (Figures 2 and 3) . A second band of approximately 5 kb in size was also detected, arising from binding of the probe to sequences upstream of the TaqI site in the Fas promoter.
When the TaqI-digested normal DNA was digested with MspI, bands of 300 bp and 115 bp were observed, as well as the 5 kb Figure 1 Restriction map of the 5′ regulatory region and exon 1 of the human Fas gene. T = TaqI site, H = HpaII site, C = CfoI site. The asterisks denote the major three transcription start sites (Cheng et al, 1995) and the hatched box denotes exon 1. The sizes of the major DNA restriction fragments are shown underneath the map and the location of the 655 bp Fas probe is shown above the map. The 5′ end of the probe detects an approximately 5 kb TaqI fragment. Only the 1957 bp section directly upstream of the first transcription start site has been sequenced (Cheng et al, 1995 , Rudert et al, 1995 band previously observed following digestion with TaqI alone (Figure 2 ). According to a restriction map of the Fas promoter and exon 1, digestion of the 1 kb TaqI fragment with MspI and probing with the 655 bp Fas probe, should produce DNA fragments of 300, 115, 47, 43 and 28 bp (Figure 1) (Cheng et al, 1995; Rudert et al, 1995) . Since there was no detectable change in the size of the 5 kb band following digestion with both TaqI and MspI, it can be deduced that there are probably no MspI sites in the undefined upstream sequence (Figure 1) .
Forty-eight samples of DNA isolated from colonic carcinomas plus six adenomas were analysed for methylation of the HpaII sites. These samples included a range of tumour grades (Table 1) . Two of the patients had both an adenoma and carcinoma analysed and one patient had both a primary tumour and a metastatic deposit. Digestion of the DNA samples with TaqI and HpaII produced the same banding pattern as digestion with TaqI and MspI. The HpaII sites were therefore not methylated in any of the tumour samples analysed (Figure 2 ). There was also no evidence of Fas methylation in six samples of DNA isolated from normal colorectal mucosa.
Nineteen of the carcinomas were also assessed for methylation at the CfoI sites (Figure 3) , however, none of these sites were methylated in any of the tumours tested. Digestion of DNA with TaqI and CfoI gives rise to bands of 320, 122, 115 and 90 bp in size. The 90-bp band was detected in the more-heavily-loaded tracks and the 122 and 115 bp bands coincided on the blots. No 5 kb band was detected in CfoI/TaqI-digested DNA, confirming that the CfoI site located 156 bp upstream of the first transcription start site is unmethylated in all samples tested. There is a further CfoI site 320 bp upstream of the first transcription start site ( Figure  1 ) but the methylation status of this site can not be analysed as the probe does not cover this region.
Seventeen of the tumours used in this study have previously been analysed by Northern blotting for expression of Fas mRNA (Butler et al, 1998) . Nine of the tumours expressed normal levels of Fas mRNA, five had reduced levels and, in two samples, Fas mRNA could not be detected. This study probably underestimated the loss of Fas as most tumours also contained normal tissue.
DISCUSSION
Cancer arises from the accumulation of multiple genetic and epigenetic events in cellular DNA. These alterations can cause the aberrant expression of genes involved in the regulation of cell death, adhesion and proliferation. Methylation of CpG residues in the 5′ regulatory regions of tumour suppressor genes may be a mechanism by which cellular proliferation can be deregulated without genetic mutations (reviewed in Baylin et al, 1998) . In colon cancer, alterations in global methylation patterns are among the earliest abnormalities to occur during the development of the disease (Goelz et al, 1985) . The studies presented above indicate that the Fas gene promoter is consistently unmethylated in colorectal tumours and normal mucosa. This suggests that methylation of the Fas promoter is not involved in the transcriptional silencing of the Fas gene in colon tumours.
Screening samples of DNA for cytosine methylation using restriction enzymes only examines a proportion of the total CpG dinucleotides in a CpG island. There are 31 CpG sites in the 655 bp region of the Fas promoter and exon 1 spanned by the Fas probe in the present study (Cheng et al, 1995) . The HpaII and CfoI sites examined in the present study represent nine of them, or 29%. One of the HpaII sites in the promoter region is 20 bp upstream of the first transcription start site. Any CpG methylation at this site might interfere with binding of RNA polymerase and inhibit transcription of the Fas gene. It is possible that de novo methylation of the Fas promoter region does not involve all CpG sites and that selective methylation of the CpG island is sufficient for the regulation of transcription factor binding. Further studies using other methodologies, including genomic sequencing using bisulphite modification, which determines the methylation status of all cytosines in a sequence (Frommer et al, 1992) , are required to totally exclude methylation that is restricted to a small region. Other mechanisms must therefore be considered to account for the frequent loss of expression of the Fas protein in colorectal carcinoma. One mechanism for loss of Fas expression is that expression or function of an essential transcription factor has been altered. The promoter region of the Fas gene contains binding sites for several transcriptional regulatory factors, including c-myb, p53, NF-κB and Sp-1 (Behrmann et al, 1994; Cheng et al, 1995; Rudert et al, 1995) . An essential role has recently been demonstrated for a composite Sp1/NF-κB-binding site in the Fas promoter, in activating the expression of Fas mRNA in Jurkat cells (Chan et al, 1999) . Futher studies will be required to investigate the hypothesis that defects in Sp1/NF-κB activity could account for loss of expression of Fas in colorectal carcinomas.
A potential candidate for the regulation of the activity of the Fas gene is p53, which, when expressed in tumour cells, induces the expression of Fas mRNA (Owen-Schaub et al, 1995) . Expression of wild-type p53 in colon cancer cells renders them sensitive to Fas-mediated apoptosis (Tamura et al, 1995) and certain genotoxic treatments induce cell surface expression of Fas only in cells with wild-type p53 genes (Matsumoto et al, 1996; Muller et al, 1997; Reap et al, 1997; Reinke and Lozano, 1997; Sheard et al, 1997) . Taken together, these studies indicate that the Fas gene is a target of p53-mediated transactivation. Inactivation of the p53 gene by mutation and/or allelic loss occurs in up to 75% of colorectal carcinomas (Baker et al, 1990 ), a similar frequency to loss of Fas expression (Moller et al, 1994; Butler et al, 1998) . Loss of Fas expression may therefore be a consequence of p53 inactivation in most colorectal tumours. The activity of histone acetyltransferases and deacetylases is also vital in regulating gene regulation (reviewed in Kuo and Allis, 1998) and alterations in the activity of these enzymes might also play a role in the silencing of the Fas gene in colorectal carcinoma. Further studies are required to define the molecular mechanisms controlling expression of the Fas gene and to determine the nature and significance of the defects in Fas expression in colorectal carcinoma.
